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ABSTRACT
The effect of stocking density on the culture of silver barb (Barbodes gonionotusl was evalu-
ated in this experiment. Fingerlings were raised in cages placed in highly fertilized ponds at
different densities (0.5 1 , 2, 3, 4, 5 fish/m2). They were fed on supplementary feed containing 25%
protein and 4.4 kcal gross energy for 92 days Daily feeding allowance was adjusted at a declining
rate with rncreasing fish size every 23 days. Survival was 87% to100% and comparable for all
stocking densities. Growih rate of flsh decreased with increasing stocking density. Inversely, total
yield of fish significantly increased with increasing stocking density. Apparent feed conversion
ratio (FCR) for all treatments was low, ranging from 1.1--1 2 This experiment indicated that a fish
density of 4 flsh/m2 was optimal for silver barb cultured in a highly fertilized pond.
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]NTRODUCTION
Herbivorous fish species like silver barb ortawes
(Barbodes gonionotus) play a significant role in sup-
plying nutrients in many Asian countries. Semi-inten-
sive pond systems are widely used to produce fish.
However, fish production is low (De Silva & Davy, 1992).
This may be caused by inefficient utilization of nutri-
ents available in ponds by fish.
The growth of fish in ponds is related to environ-
mental conditions and food. When the amount of avail-
able focjd is higherthan that required by fish, it allows
the fish to grow at maximum potential rate. To increase
fish weight or biomass, more food is required and the
growth will decrease and/or cease when available food
is below the fish requirement. Adding fertilizers and/
or supplementary feed will increase fish growth/biom-
ass. In this situatron, water quality condition, particu-
larly oxygen concentration, and toxic materials pro-
duced by excess fertilizers/feed and fish metabolism
will limit fish growth. This means that an adequate
stocking density of pond to get appropriate fish size
at yield should be considered (Huet, 1986; Schroeder,
1980) to attain maximum groMh and optimum yield
of fish.
Determination of the optimum fish density requires
better knowledge of the amount of available natural food
in the pond and the relationships between the amount
of food, fish density, individualgrowth rate and yield
(Hepher, 1979; Huet, 1986). Ardiwinata (1981) reported
that in lndonesia, silver barb was usually raised in semi-
intensive ponds at a stocking density of 4,000-7,000
fish/ha for4-6 monthsto produce table fish (more than
509). ln Thailand, stocking density of 20,000-30,000
fish/ha was used for silver barb cultured in semi-inten-
sive ponds (latong ef a/., 1980). Filter feedertilapia
could be raised in fertilized pond at density of 5 fish/m2
without feeding (Colman ef a/., 1990).
The relationship between feed quality and fish yield
was evaluated by Hepher (1975) for common carp
(Cyprinus carpio). The highest yield of the fish was
obtained at 800 kg/ha for fish fed on cereal grain and
form u I ated feed conta i n ing 22.5o/o protei n. I n creasi n g
fish yield up to 1 ,400 kg/ha, was observed for fish fed
on pef leted feed with 27.5o/o protein. However, such
information is not available for silver barb. Therefore,
this experiment was carried out to evaluate the effect
of stocking density on the culture of silver barb raised
in semi-intensive ponds.
MATERIALS AND METHODS
The experiment was carried out at the Asian Insti-
tute of Technology, located near Bangkok. Six earthen
ponds of 200 m2 were used to set 5.25 x 3.5 x 1 .75 m
(32 m3 or 18 m2 surface area) net cages. The ponds
were dried fora week and then limed using Ca (OH), at
625 kg/ha. When dry, three net cages were placed in
each pond. Ponds were fllled with canal waterto reach
1 m depth. This depth was maintained along the ex-
perimental period.Urea, TSP and chicken manurewere
applied to all experimental ponds every 3 days at re-
spective rates of 3 kg N, 1.5 kg P and 10 kg chicken
manure/ha/day.
Silver barb fry purchased from a hatchery were
nursed in ponds and fed commercial feed containing
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30% protein ad libitum twice a day in the morning
and late afternoon for 45 days. Thereafter' 1 ,000 fish
were selected and acclimatized to experimental con-
ditions for a week.
Acclimated fish were randomly distributed among
18 cages at stocking rates of 0.5, 1'0, 2'0, 3'0' 4'
and 5 fish/m2 or 9, 18, 36, 54, 72, and 90 fish/cage'
respectively. Individual total length and weight of fish
at each cage were measured, and samples of fish
were taken for proximate analysis of their carcasses'
Fish that died in the first week of fish culture were
considered to be the result of handling and were re-
placed with fish of the same size taken from same
batch to maintain a constant stocking rate' During
that period, fish mortality was observed daily'
Experimental feed was formulated using fish meal,
soybean meal, rice bran, cassava starch, corn oil,
fish oil, and mineral premix. The feed contained 25%
protein and 4.4 kcal gross energy (Table 1)' The feed
was given to the fish twice a day, i.e. in the morning
(09.0b-10.00) and in the afternoon (17.00-18.00) for
dZ Oays. Daily feeding allowance of fish was adjusted
afterfish sampling using the feeding standard in Table
2.
The growth of fish was observed by weighing fish
every three weeks. At harvest, individualtotal length
and weight of fish from each cage were recorded' Fish
samplesfrom each cageweretaken atthe end of the
experiment. Dissolved oxygen, ammonia-N, alkalin-
ity, pH, chlorophyll-a, total suspended solids (TSS)'
and water temperature (APHA' 1975) were observed
every three weeks. Water samples were taken from
the water column using a PVC water column sam-
pler.
Data of growth, survivalrate, yield, feed and pro-
tein intake and utilization and fish carcass composi-
tion of silver barb from different treatments were tested
using one way ANOVA and followed by the Least Sig-
Table 1. Composition of feed used in the experiment
Ingredient lY"l
Fish meal
Soybean meal
Rice bran
Cassala starch
Corn oil
Fish oil
Mineral premix*
6
32
41
17
1
1
2
Total 100
8.3
25.13
11.37
11.83
4.39
Note:(-) adopted from NRC (1983): 7.5% MnSOo.N2O,30 ZnSOo.THrO;
7% CuSOo.5HrO; 0.6% FeSOo.THrO; 5% NaCl; 7.50k Klar', 3.5o/o
CaHPOo.2HrO. Filler was added to complete 100% feed formulation
Table 2. Feeding rate for silver barb (8. gonionotus)
Fish weight (g) Feeding rate (% of body weighUday)
Moisture (%)
Crude protein (%)
Crude lipid (%)
Ash
Gross energy (kcal/g)
10 
- 
<25
25 
- 
<50
50 
- 
<100
100 
- 
<150
150 
- 
<200
>200
4.0
4.3
2.7
2.5
2.1
1.7
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nificant Difference test. Regression analysis was done
to determine correlatron between variables.
RESULTS
GroMh, survival, and yield of silver barb cultured
at different stocking densities are presented in Table
3. Mean weight of fish stocked at different densities
are presented in Fig. 1. The mean weight of silver
barb at different stocking rates up to Day-23 was com-
parable, but thereafter stocking densities of 3-5 fish/
m2 resulted in the same mean weight which was
smaller than at lower stocking densities. Decrease in
mean weight was observed for fish stocked at a rate
of 2 fish/m2 at Day-69. However, the mean weight at
low stocking density of 0,5 and 1 fish/m2 increased
linearly up to the end of culture period. At harvest, the
mean weight of fish ranged from 127 g to 183 g for
high to low stocking density respectively. Survival rate
was comparable, ranging from 87 .0% to 100%.
ANOVA of daily weight gain (DWG) of silver barb
indicated that the effect of stocking density was sig-
nificant (P<0.01). The highest DWG (1.9 glday) was
found in fish stocked at low density of 0.5 fish/m'z.
Increase in stocking density linearly decreased DWG
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as given in the following equation (Fig. 2): DWG(g/
day;= 1.92-0.13X, 12= 0.75. Effect of stocking densi-
ties on specific groMh rate (SGR) of silver barb was
significant (P<0.01). SGR at stocking densities of 0.5-
2 fish/m'? (2.9o/olday 1o 2.8o/olday) was not significantly
different and higher than that in 3-5 fish/m2 (2.6'10/ol
day to 2.76%lday).
A significant effect of stocking density on fish yield
of silverbarbwas observed (P<0.01). Gross yield of
fish showed an increasing rate with increasing stock-
ing densities from 0.5 fish/m'?to 5 fishlm,. Extrapo-
lated net yield of silver barb in this study indicated
that net yield significantly increased with increasing
stocking densities as given in the following equation:
Net yield (Qlm2ldayl= 0.57 + 1.08X, 12= 0.96 (Fig. 3).
The relative daily feed intake was not significantly
affected by slocking density (P>0.05). The daily feeding
rate of fish at any stocking density ranged from 11.3%
to 13.2% of body weight. The apparent feed conver-
sion ratio (FCR) of silver barb was significantly affected
by stocking density (P<0.01). Apparent FCR linearly
increased with increasing stocking densities as given
in the following eQuation: Apparent FCR= 1.06 +
0.055X. P= 0.70. Protein content in carcasses was
Table 3. Summary results of the effect of stocking density on culture of silver barb
(8. gonionotus)
Stocking density (fi sh/m2)
lndices
0.5
Initialweight (g)
Final weight (g)
Surviwl rate (%)
Daily weigh gain
(g/day)
Specif c growth
rate (%lday)
Net yield
(g/m2lday)
Feed intake
(g/kgBWday)
AFCR
Carcass protein
at harvest (%)
Carcass fut at
harvest (%)
13.3 12.3(0.3) 0.6)
192.6a 176.6ub
(1 3. 1) (1 8.7)
100.04 87.0u
(o o) (14.3)
1.gga 1.83uo
(0 14) (0.22)
2.914 2.97"(0.07) (0.26)
0.94u 1.56u(0.07) (0.14)
f.324 fi.28u(0.16) (1 .2e)
1i1a 1.12"
(0 02) (0.01)
65.95a 6g.2gao(1.32) (3.41)
23.g4b 20.24a(1.8s) (0.e2)
11.8 12.1
(0 4) (o 7)
141.7b 127.0"(5.6) (8.2)
93.5u 90.4"(5.0) (t.2)
1.44c 1.28c
(0 06) (0 0e)
2.76b 2.61c(0.04) (0.04)
5.36c 5.69d(0.42) (0.30)
12.37" 13124
(2 03) (1.06)
1.290 1.340(0.03) (1.07)
6g.g3u 70.98b(0.11) (3.47)
20.03u 20.13"
(0 11) (3.73)
12.2
(1 3)
156.2b
e1.7)
96.3u
(3.6)
1.60b
(0.23)
2.93"
(0.1s)
3.Ogb
(0.54)
11.37u
(0.35)
1.12^
(0.06)
6g.95"b
(0.63)
20.34"
(o e2)
12
(1 3)
143.4b
o8)
90.7u
(10.e)
1.46b
(0.06)
2.76"
(0 07)
3.94"
(0.54)
12.11"(.4n
1.22"b
(0.14)
69.48b
(3 18)
2A.76u
(3.2s)
Note;Values in the same row
are SE, carcass protein
having the same letter are not significantly
and fat at stocking were 69.7o/o and 15.7o/o
different, Values in brackets
on dry basis respectively.
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Fig. 1 Mean weight of silver barb (8. gonionotus) at different densities during the culture period
y = 1.92 - 0.13 X
R2 = 0.75
0.5 23
Stocki n g density (fi s h/m 2)
Fig.2. Relationship between density and daily weight gain (DWG) of silver barb (8.
gonionotus) in fertilized ponds
comparable for alltreatments. High fat content was tended to increase at the latter part of the culture
observed in the treatment of 0.5 fish/m2, thereafter, period.
increase in stocking density did not affect body fat
content. DISCUSSION
-o- 0.5 fis h/m2
--e- 3 0 fish/m2
Al I observed water q uality pa ra meters in d ifferent
ponds were comparable fl-able 4). The lowest dissolved
oxygen (Do) concentration was about 2mglL. Water
temperature of about 30oC was optimum fortropical
fish culture and its fluctuation in each pond was simi-
lar. Total alkalinity tended to increase with time. The
pH ranged from 6 to 9. Total ammonia-N concentra-
tion was in the normal range for fish and there was no
significant effect of different inputs of feed on increas-
ing total ammonia-N. Chlorophyll-a concentration
30
--+-1.0fish/m2 --*-20fish/m2 |
--x-4.0 fishlm2 --l-5.0 flsh/m2
c'D
0(94
o
One of the most important factors of pond man-
agement practices is the biomass of fish. A variety of
criteria could be used to assess optimum stocking
rate. The higher growth rate at low densities enhances
the market value of individual silver barb; however, the
yield per unit area may be relative low. The growth,
survival, yield and feed conversion ratio may be the
best criteria to determine optimum stocking density
of fish cultured with a feeding system.
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y = 0.95 + 1.08 X
R2 = 0.96
u.3 z3
Stocki n g dens ity (fi s h/m 2)
Relationship between stocking density and net yield of silver barb (8. gonionotus)
in fertilized ponds
Observed water quality parameters of ponds for silver barb (8. gonionotus) at different stocking
densities
s
G
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Fig. 3
Table 4.
Stocking density (fish/m2)
Parameters
0.5
Do (mg/L)
Tem perature (oC)
pH
NH3-N (mg/L)
Alkalinity (mg CaCO./L eq)
Chlorophyll-s (mg/m3)
LZ-t J
22I - 31.0
65-90
0.21 - 1 .12
zc.u-vt.J
20.6 - 69.4
2.0 -83
zz.Y - J t.l
6.8 - 9.0
0.26 - 0.87
30.3 - 107.4
20.4 - 87.4
2.5 -7 7
22.9 - 31.0
o.o-do
0.12 - 0.84
222 - 105.5
23.4 -75.4
2.2 - 8.3
22.8 - 31.0
6.5 - 9.5
U,ZJ - U.YC
27.4 - 116.7
26.0 - 80.8
2.0 -7.8
23.2 - 31 0
6.9 - 8.5
0.12 - 1.21
19.6 - 129.9
20.7 - 100.3
2.0 - 8.5
23.2 -31.1
6.3 - 8.4
0.23 - 1.02
20.6 - 120.8
20 7 - 100.4
This study has demonstrated that silver barb fin-
gerlings can be reared to market size with mean
weight ranging from 127 g to 183 g in three months
under semi-intensive conditions. The high (about 183
g), medium (about 150 g), and low (127 g) mean har-
vested weights were observed for stocking density of
0.5,2-4, and 5 fish/m2, respectively. These results
were betterthan silver barb culture pradices in ponds
as mentioned by Ardiwinata (1981) which reported that
under semi-intensive conditions, silver barb reached
marketable size (about 609) within 6 months. High
mean harvested weight in this study is related to man-
agement of feed and feeding for silver barb instead of
feed composition. The survival rate of silver barbwas
comparable for all stocking densities, ranging from
87o/o lo 100% and was satisfactory for fish culture in
ponds. Reduction in fish number for all cages was
mainly caused by fish escaping from the cages and/
or handling effects at fish sampling. In addition, the
small loss of silver barb may also be attributed to bird
predation. There were no waterquality problems dur-
ing the experimenlal period and observed waterqual-
ity parameters were within the optimal range for fish
growth. This implies that effect of loading organic
material from both feed and fish metabolism is not
significant.
A fish pond can only support a certain biomass of
fish because of its limited space and the availability
of natural food. lf available nutrient in ponds is higher
than or equal to the fish requirement, fish grow at the
maximum potential rate. The rate of growth decreases
when fish biomass increases. Hepher (1975) stated
that there was a high interrelation between stocking
rate, individual growth rate and the size of fish stocked
for common carp in ponds. When stocking rate is
low, each fish gets adequate nutrients (both natural
food and/or supplementary feed) from the pond to
maintain maximum growth rate. The biggerthe fish,
the higher its maximum growth rate attained when
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sufficient food is available. Low stocking rate will
maintain potential maximum growth rate. Increase in
stocking rate inhibits individualgrowth rate The growth
rate decreased significantly with higher clensities at
similarfeeding regimes (Holm ef a/., 1990). Thisstudy
showed that growth rate of silver barb decreased lin-
early with increasing stocking rate from 0.5 to 5 fishi
m2. The highest growth rate of silver barb at lowest
stocking densities is probably due to the significant
role of naturalfood available in ponds. High food avail-
ability has been shown to compensate partly for nega-
tive effects of stocking density on growth of rainbow
trout (Holm et a\.,1990). Data of relative feed intake
support this pattern of growth rate of fish indicating
that each fish gets a similar amount of supplemen-
tary feed (about 11g/kg body weight, BW/day). This
shows that silver barb in ponds obtain nutrients from
natural food and/or supplelnentary feed. Decrease in
growth rate at increasing stocking rate may result from
increased energy demand for social interactions. High
level of social effect interactions may effect energy
expenditure, resulting in elevated metabolic rates
(Jobling, 1981). Stress also affects the growth rate of
fish.
Growth rate was high at low stocking density of
0.5-2 fish/mz (2.9o/olday). The lowest growth rate was
observed at the highest stocking density of 5 fish/m'z
(2.6o/olday). Stocking density between 3 and 4 fish/
m2 resulted in a modest growth rale of 2.8o/o/day. The
growth performance of fish in the present study was
lowerthan in the previous experiment. Differences in
groMh rate may be related to differences in experi-
mental condition.
Differences in harvested weight of silver barb and
similarity in survival rate resulted in differences in fish
yield at different stocking densities. Gross yield (kg/
cage) of silver barb increased with increasing stock-
ing densities. The highest gross yield was observed
at high stocking density of 5 fish/m'? (10 kg/cage or
5.5 ton/ha). Hepher (1979) stated that above a stand-
ing crop of 2.4 tons/ha, deficiency of dietary vitamin
develops in carp culture. However, it was not observed
in this study. Net yield in pond area for high stocking
density (5 fish/m'?) was 5.7 glm2lday. This yield sub-
sequently decreased at 3-4 fishim'z(4.5 g/ha/day) and
2 fish/m2 (3.1 g/ha/day) and 0.5-1 fish/m'?(1.3gihal
day) stocking densities. The yield of silver barb in the
present study was lowerthan that of tilapia (about 70
kg/ha/day) raised in pond with supplemental feed
(Wohlfart and Hulata, 1987).
Hepher (1 990) stated that apparent feed conver-
sion ratio (FCR) increased with increasing fish biom-
ass. In the present study, apparent FCR of silver barb
linearly increased with increasing stocking rate. In-
crease in fish biomass resulted in increasing feed re-
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quirement to maintain fast growth. However, this study
showed that apparent FCR had narrow differences,
ranging from 1 .1--1 .2. The highest apparent FCR was
observed in stocking rates of 4-5 fish/m'z All values of
FCR for silver barb were satisfactory for cornntercial
fish culture. Lovell (1989) stated that FCR for com-
mercial channel catfish culture was about 2. t-ow FCR
indicates that natural food plays an important role in
the supply of protein and energy for fish. Analysis of
fish carcasses at harvest indicates that low stocking
densities resulted in low protein content and high fat
content. This may indicate that excess energy may
be formed in ponds treated by high fer'tilization and
feeding and stocked with low stocking density. Availble
natural food in the pond may satisfy the energy re-
quirement for fish, so feed eneruy may be deposited
as fat body.
Based on harvested fish weight and FCR, it can
be concluded that silver barb could be raised at stock-
ing densities as high as 4 fish/m2 and daily feeding
allowance could be adjusted accordingly to fish
weight. This culture system could yield stlver barb
with mean harvested weight, yield and feed conver-
sion efficiency of 1509 and 5.4glhalday, 1 .1 , respec-
tively.
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